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[57] ABSTRACT

Natural soil is formed into clods ranging in size from a
minimum dimension of about 5 mm to a maximum
dimension of about 10 cm, and a hydrophobic agent is
applied to the surface of the clods to increase the
contact angle of water on the exposed grain surfaces of
the clods to an angle greater than 90°, which makes the
clods water repellent. The clods thus treated are em-
ployed to form the top layer of soil. The treated clods
conserve soil water by allowing maximal intake of
water and by constituting a barrier which reduces water
evaporation. Such soil water conservation together
with other advantages enable farming on Jand in re-
gions which could never successfully be farmed before.

An apparatus for forming and treating the clods has a
lifting device for lifting the top layer of soil of a field to
a screening device for breaking up the soil to have a
maximum dimension of about 10 cm and to drop the
broken up soil back to the field. A chamber having an
open bottom surrounds the screening device, and noz-
zles direct a spray of liquid hydrophobic agent into the
chamber to coat the clods. Alternatively, a blower may
direct a powdered hydrophobic agent into the cham-
ber. The screening device may be an apertured contin-
uous belt, continuously moving and vibrating between
a pair of horizontal axes, the soil being directed by the
lifting device to the upper course of the belt.

17 Claims, 14 Drawing Figures
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FIG.1A

CONTACT ANGLE OF WATER TO SURFACE MEASURED FROM
THE CONTACT SURFACE INSIDE THE WATER DROP TO THE
TANGENT FROM THE POINT OF EDGE CONTACT WITH THE
SURFACE ALONG THE DROP SURFACE

{1) An acute contact angle--not desirable because water
wets the surface

(3) An obtuse angle--greater than ninety degrees--which

is necessary to the desired hydrophobic (water repellent)
effect
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METHOD AND APPARATUS FOR CONSERVING
SOIL WATER

This invention relates to agriculture and more partic-
ularly to the conservation of soil moisture, by com-
bined mechanical and chemical treatment of the soil
top layer.

The principal object of the invention is to enable
farming on land in regions which could never success-
fully be farmed before, especially in semi-arid regions.

The increasingly acute shortage of food already expe-
rienced by some nations has focused attention upon the
urgent task of expanding food production to alleviate
existing hunger and to keep pace with expected popula-
tion growth. The problem is especially acute in semi-
arid regions where so much of mankind is concen-
trated. In such regions, water generally constitutes the
limiting factor in crop production, as the supply of
water by natural precipitation is meager and sporadic
even while the climatically-induced requirement for
water is high and practically incessant.

Unfortunately, some of the rain reaching the soil
surface may fail to infiltrate and may run downslope in
overland flow (“runoff’’), which also entails the hazard
of erosion. Moreover, a considerable amount of the
water which does infiltrate into the soil may subse-
quently be lost through direct evaporation or through
extraction and transpiration by weeds. In rain-fed farm-
ing, such losses can deprive the crops of a major por-
tion of the water supply and might result in crop failure.
In irrigated farming, such losses reduce the efficiency
of water use.

Of particular importance is the soil surface-zone,
where the complex processes of infiltration, runoff,
erosion, evaporation, and germination takes place.
Since the soil surface is amenable to various control
measures, it is an essential task of agricultural research
to develop techniques for controlling the dynamic bal-
anice, storage, and utilization of soil moisture most
effectively from the agricultural and environmental
points of view.

Natural soils thus exhibit the following deficiencies:

1. The surface clods collapse and slake-down as they
absorb water, particularly under the beating action of
raindrops, to form a muddy layer at the surface which
clogs and seals the surface cavities.

2. Natural soil grains readily enter into a suspension
in water and are easily carried downslope by flowing
water, which has the effect of scouring and eroding the
surface and of causing sedimentation and pollution of
streams, lakes and reservoirs.

3. Natural soil surfaces contact and cake as they dry
from saturation to form a dense and hard crust which
subsequently inhibits germination and seedling emer-
gence of crop seeds planted under the surface.

4. Natural soil surfaces allow the loss of large quanti-
ties of water by direct evaporation after each rain or
irrigation, particularly if the caked surface tends to
crack as it desiccates.

5. Natural soil surfaces permit the germination of
numerous weed seeds, which are generally present at or
very near the soil surface, after each rain or irrigation.

6. Repeated cultivation of natural soil surfaces, often
necessary to eradicate weeds and to reopen the crusted
surface tends to pulverize the soil into dust so it be-
comes vulnerable to wind erosion.
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7. Natural soil surfaces inhibit gas exchange and soil
aeration as they seal and saturate, thus inhibiting the
respiration of soil organisms and of crop roots, which
might then suffer from lack of oxygen.

As employed herein, the term “grain” refers to a
single crystal, or a fragment of rock, and the term
*“clod” refers to a combination or aggregation of grains,
held together by cohesive and adhesive forces. See
*“Soil and Water” by Professor Daniel Hille! (the appli-
cant), (Academic Press, New York 1971), pp. 24-26.

It has been proposed to reduce evaporation and pro-
tect the soil surface by mulching over the soil with an
assortment of foreign materials, such as straw, paper,
asphalt, plastic sheeting and gravel.

Such materials are in themselves expensive, or are
costly to convey to the field and spread over it. Often,
as in the case of paper, they quickly lose their effective-
ness, or, as in the case of gravel, they cannot easily be
removed and may become a hindrance as it becomes
desirable to change the pattern of soil utilization.

Such materials may themselves be absorbent and
might thus inhibit the penetration into the soil of light
rains. As they retain water at the surface, they might
also increase, rather than reduce, the total evaporation.

Other materials previously proposed (e.g., asphalt)
may be, or leave residues, which are toxic and environ-
mentally damaging.

It has also been proposed to stabilize soil clods by the
addition of binding agents such as organic polymers
(“soil conditioners™), but such materials are generally
needed in large quantities (0.02% to 0.2% of the
treated soil mass) so they are prohibitive in cost in
actual practice.

It is therefore an object of this invention to provide a
method and apparatus for conserving soil moisture that
overcomes the disadvantages of the above prior tech-
niques.

A further object of the invention is to provide a
method and apparatus for conserving soil moisture
whereby the soil may be readily and economically
treated in the field.

Briefly stated, in accordance with the present inven-
tion, it has been discovered that effective stabilization
and waterproofing of soil clods can be achieved with
very small amounts of hydrophobic agents; i.e., any of
a class of waterproofing agents, particularly of the or-
gano-silicone type.

The treatment can be applied over the entire soil
surface continuously, as in fields in which no plant
growth is desired (e.g., infiltration and water-rechange
areas, or fire-control strips), or over the major portion
of the area (as in orchards or the between-row zones of
row-cropped fields) or over narrow strips (such as
seeding rows, where the desired localized effect is to
prevent crustmg)

In the process in accordance w1th the invention, the
soil to be treated is formed, for example by a breaking-
up process, into clods, with at least 90% of the mass of
the clods ranging in size from 5 mm in minimum dimen-
sion to 10 cm in maximum dimension. A liquid hydro-
phobic agent is applied to these clods to treat the ex-
posed grain surfaces, preferably to a depth of at least
one millimeter, in order to increase the contact angle of
water on the grain surface to an angle greater than 90°,
That makes the clods water repellent. This coating may
be effected, for example, by spraying the hydrophobic
agent on the clods. The thus coated clods are employed
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to form the top soil layer, to a depth from 2 to 15 centi-
meters.

Alternatively, the clods may be dusted with a pow-
dered hydrophobic agent, whereby natural or artificial
moisture thereafter affects the coating of the grain
surfaces in the above manner.

The hydrophobic materials with Wthh the soil can be
treated include any of a class known as “water proofing
agents” applicable either in solution or emulsified
form, either in organic solvent or an aqueous medium,
or in powdered form.

The soil which may be treated accordmg to the in-
vention include loamy sands, sandy loams, silt loams,
clay loams, and clays, and mixtures thereof, either in
the open field or in greenhouses or growth chambers;
or any soils which normally can be formed into clods,
even if not heretofore considered suitable for agricul-
ture.

The areas to which this invention applies include
actual or potential agricultural areas everywhere, in the
humid, sub-humid, semi-humid, semi-arid, and arid
regions. The greatest advantages, however, are to be
obtained in sub-humid or semi-arid and arid regions,
either under rainfed (dryland) farming or under irriga-
tion, where soil moisture conservation can be crucial.

The treatment of the soil in accordance with the
invention provides the following advantages:

1. The treated clods remain stable as they do not
imbibe water, do not collapse, do not seal the surface,
and their particles do not enter into suspension and
migrate downslope in the processes of erosion and
sedimentation.

2. The treated clods resist wind erosion, as they main-
tain their size, being too large to be picked up by the
wind.

3. The treated clods maintain an open soil surface,
allowing maximal intake of water directly into the
deeper layers of the soil.

4. The open treated soil surface allows free exchange
of gases and soil aeration.

5. The treated clods form a protective mulch which
reduces evaporation by constituting a barrier to the
upward capillary flow of liquid water and to the out-dif-
fusion of water vapor.

6. The treated clods, by remaining dry, inhibit the
germination of weed seeds, which are normally adapted
to germination from shallow depths and which take
water from the crop seeds and seedlings.

7. The loose assemblage of treated clods readily al-
lows the germination and emergence of seedlings of
crop seeds, normally planted under the surface.

The surprising result of the invention is to enable
farming on land in regions which could not successfully
be farmed before, especially in semi-arid regions.

In a further embodiment of the invention, an appara-
tus is provided having means, such as a blade, for cut-
ting and lifting the top layer of soil in a field and con-
veying that soil to a forming device for forming clods
within the desired dimensions. The forming device is
enclosed in a chamber, and means are provided for
directing a spray of liquid hydrophobic agent into the
chamber to coat the clods before they are returned to
form a top layer of water-repellent clods in the field.
Alternatively, the hydrophobic agent may be blown
into the chamber in dust form, to coat the clods.

Advantageously, the forming device may comprise
an apertured endless belt mounted to continuously or
intermittently rotate between a pair of horizontal axes,
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with the soil being directed to the top course of the belt
to effect a double screening effect as the soil drops
through the upper and lower courses of the apertured
belt. The bottom of the chamber may be open, so that
the clods coated in the chamber drop to the ground
with the coarsest clods on top. Means are provided for
further agitating or vibrating the belt, to aid the break-

ing up of the clods.
This apparatus enables the simple treatment of soil of

a field in a minimum time and with a minimum cost,
since the entire treatment may be effected with a single
pass of the apparatus over the area to be treated.

In order that the invention will be more clearly un-
derstood, and other objects, features and advantages
discerned, it will be disclosed in greater detail with
reference to the accompanying drawings, wherein:

FIG. 1 is a simplified flow diagram of the process of
the invention;

FIG. 1A is a diagram showing water contact angle
measurement;

FIG. 2 is a simplified flow diagram of a modification
of the process of FIG. 1;

FIG. 3 is a photograph of natural untreated soil clods
during wettmg,

FIG. 4 is a photograph of soil clods treated in accor-
dance with the invention during wetting;

FIG. 5 is a photograph of the clods of FIG. 3 after
drying;

FIG. 6 is a photograph of the clods of FIG. 4 after
drying;

FIG. 7 is a graph illustrating the comparative imbib-
ing of water by natural treated clods as a function of
time;

FIG. 8 is a graph illustrating the infiltration rate of
water through natural treated clods;

FIG. 9 is a graph illustrating cumulative evaporation
from soil covered by natural and treated clods;

FIG. 10 is a graph illustrating water balance compo-
nents of soil profile, with a mulch of treated soil clods,
as a function of mulch thickness;

FIG. 11 is a graph of soil moisture profiles, compar-
ing unmulched soil and soil having a mulch of clods
treated in accordance with the invention;

FIG. 12 is a simplified sectional view of a treating
apparatus (clod mulcher) in accordance with the in-
vention; and
+ FIG. 13 is a top view of the apparatus of FIG. 12.

Referring now to the drawings, FIG. 1 illustrates in
simplified form the process in accordance with the
invention. As illustrated, the soil is first formed into
clods, 90% of the mass of which are clods having a
minimum dimension of at least 5 millimeters and a
maximum dimension of ten centimeters. This forming
process may be effected, for example, by breaking up
the top layer of soil in a field. For breaking up the soil
most effectively, the top layer should be barely moist,
having an average suction value exceeding 2 bar but
not exceeding 100 bars. If the soil is too dry, it will tend
to form an excessive quantity of dust, and thereby re-
duce the effectiveness of the process. If it is too wet, it
will deform plastically and puddle rather than break
into distinct clods.

The thus-formed clods are then treated with a hydro-
phobic agent in order to coat the exposed grain sur-
faces of each clod with the hydrophobic agent, to in-
crease the contact angle of water on the grain surfaces
to an angle greater than 90° (FIG. la shows water
contact angle measurement.) The hydrophobic agent
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can include any of a class of material known as “water
proofing agents” applicable either in solution or emul-
sified form, either in an organic solvent such as kero-
sene, or an aqueous medium.

As an example, it has been found that emulsions or
solutions of sodium methyl siliconate or silanolate, 10%
by weight in water or 5% by weight in kerosene, are
suitable materials for use in accordance with the inven-
tion. An example in General Electric Silicone Resin DF
144 (5.5% silicone in petroleum dlsnllates) Such llq-
uid materials may be sprayed on the formed clods.
Emuilsions of dimethyl siliconate, silanes and dimethyl
siloxane may also be employed. Dow Corning
XZ8-5079, an anionic emulsion of dimethylsilicone,
and Dow Corning No. 772, a water-soluble sodium
methyl siliconate solution, have also been found to be
satisfactory for the purpose of the invention. Suitable
materials thus may be stated to be any of the class of
materials known as “‘hydrophobic” or “waterproofing”
agents, such as but not limited to the organo-silicones.
In general, it has been found that waterproofing agents
adapted for use with concrete are also useful in the
present invention, since, in the mineralogical and
physico-chemical sense, concrete is similar to soil.

The coating of the clods need not fill the micropores
of the clods, as long as it increases the contact angle of
water on the grain surfaces as above noted. If desired,
however, even more effective soil-water conservation
may be obtained if the micropores are filled. For this
purpose, a latex, wax, or plastic polymer emulsion may
be added to the hydrophobic agent to enhance the
effect. o

The ‘““‘contact angle” of water on the grain surfaces
may be explained as follows (see FIG. 1A): If a drop of
water is placed on a dry surface, the water will usually
displace the gas which covered the surface of the solid
and spread over that surface to a certain extent. Where
the spreading will cease and the edge of the drop will
come to rest, its interface with the gas will form a typi-
cal angle with its interface with the solid. This angle is
known as the “contact angle”. This angle is more fully
described, for example, in applicant’s book, “Soil and
Water,” supra, pp. 40-41.

In the coating process, it is preferred that the hydro-
phobic agent penetrates into the periphery of each clod
at least one millimeter.

The amount of active material needed to hydrophobe
soil particle surfaces in accordance with the invention
depends on each soil’s specific surface area, defined as
the total surface area per unit mass of particles. (Chap-
ter 1 of applicant’s “Soil and Water.”) Various agricul-
tural soils differ widely from each other in specific
surface area, ranging from about 5 to 500 square me-
ters per gram. The amounts of active material needed
can be smaller than 5 kg per 1000 m? of field surface,
but may range to 20 or more depending on soil specific
surface area.

As an example:

If molecular weight of active material =200 and the
monolayer area covered per molecule = 300 A% =3
X107'8 m?, 1 kg of active material covers

1000/200 X 6 X 1027 X 3 X 107" == 107 m? of treated
grain surfaces.

If effective specific surface area of soil = 20 m? per
gram and soil bulk density = 1.2 gm per cm? = 1200
kg/m? (area of 1 acre =4000 m?), a mass of layer 5 cm
decp = 0.05 X 4000 X 1200 = 240,000 kg/acre. If only
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the outer surface of clods treated, i.e., about 4% of soil
mass, the treated mass = 10,000 kg then, the net area
of treated grain surfaces = 10,000 X 1000 X 20 =2 X
10® m2. Therefore, amount of active material needed =
2 X 108107 = 20 kg. If concentration of solution is
25%, sprayable material needed per acre = 20 X
100/25 = 80 kg = 80 liters = 20 gallons

Stabilization of surface-zone clods in accordance
with the invention is achieved by preventing the imbibi-
tion of water and compression of air and weakening of
soil structure, rather than by bonding the particles
internally in the clod, which experience shows to be
excessively expensive. Prevention of water absorption
by clods’is not achieved necessarily by coating the clod
surfaces by a sealing cover (such as a-wax coat) but
primarily by the physico-chemical effect of transform-
ing naturally-hydrophobic mineral particles into a hy-
drophobic state through the molecular adsorption of
hydrophobic chemical agents. This transforms adsorp-
tive and capillary attraction to repulsion.

Altematlve]y, the hydrophobic agent may be in pow-
dered form, in which case, the coating step compnses
dusting the clods with tne agent.

Following the coating step, the treated clods are
deposited on the ground to form the top soil layer, with
a depth between 2 centimeters and 15 centimeters.

While the clods may be formed at the ground level,
for example by employing a cultivating process, it has
been found that it is difficult to control the sizes of the
clods and obtain complete peripheral hydrophobiza-
tion, as desired, by this technique. Therefore, in accor-
dance with the preferred process, as illustrated in FIGS.
12 and 13, the top layer of soil is first lifted from a field,
to permit the formation of the clods in a suitable appa-
ratus above the level of the ground.

Natural mineral surfaces are typically hydrophilic
(wettable) in that they exhibit an acute angle of contact
with water. Hence a porous assemblage of dry mineral
particles normally sorbs water spontaneously by capil-
lary attraction. The capillary action of water is dis-
cussed in applicant’s “Soil and Water”, at pages 42-43.
On the other hand, particle surfaces which adsorb a
water repellent coating are characterized by an obtuse
wetting angle, and hence narrow pores between such
particles exhibit capillary repulsion and resist the entry
of water.

While hydrophobic materials have been employed to
help seal a pre-compacted soil surface against infiitra-
tion of rain in order to induce runoff from uncultivated
barren slopes in desert regions, a practice called “water
harvesting”, the same materials used in accordance
with the present invention can produce the opposite
effect of increasing infiltration in cultivated agricul-
tural fields, since the soil surface is broken into clods
and the clods are treated to make them individually
water-repellent.

Natural (hydrophilic) clods are generally unstable
and vulnerable to destruction by water. As they wet,
particularly under the beating action of raindrops, the
exposed clods tend to slake or collapse and their soil
particles disperse in water to form a muddy suspension
which often clogs the cavities between the clods, thus
sealing the surface and forming a “crust”. Pretreatment
of the clods with hydrophobic agents keeps the clods
from slaking-down in water and from clogging the sur-
face cavities, thus this treatment can help to maintain a
high infiltration rate for maximal absorption of rain.



4,027,428

7

This effect is illustrated in FIGS: 3-6 wherein FIG. 3
illustrates natural (hydrophilic) clods and FIG. 4 illus-
trates clods treated with sodium methyl siliconate in
accordance with the invention, before wetting. Thus,
the unstable natural clods of FIG. 3 imbibe water and
slake down to a muddy suspension, while the treated
clods remain discrete and stable. Upon drying, as
shown in FIG. 5, the natural clods form a dense crust,
while the treated clods, FIG. 6, still remain discrete and
stable.

Rain water reaching hydrophobic:clods trickles off
each clod and flows downward through the open
spaces, thus penetrating directly into the deeper soil
layers. The by-passed clods themselves remain dry even
while the cloddy layer as a whole conducts water. -

The resistance of individual treated clods to wetting
is shown in FIG. 7. The consequent increase in stability
of these clods is also demonstrated in FIGS. 3-6. The
effect of a surface layer of water-repellent clods on
infiltration is shown in FIG. 8. The latter effect obvi-
ously depends on the sizes .of the clods, which in turn
determine the configuration of pores at the soil surface.
If the aggregates are too small, the inter-aggregate
passages may act as capillaries which resist penetration
of water and thus reduce infiltration. Experience indi-
cates that the minimum dimensions of clods should be
greater than 5 mm and the maximum dimensions of the
clods should be 15 cm or less. Preferably the minimum
dimension should be 0.5 cm and the maximum dimen-
sion should be 10 cm for the cloddy layer to enhance,
rather than retard infiltration, as well as to subse-
quently retard evaporation.

Should rain intensity nevertheless exceed the soil’s
maximum absorption rate (i.e., ‘“infiltrability’’) then
the excess can accrue and remain temporarily in the
inter-clod cavities of the surface-zone rather than run
off, as it would if the soil surface were smooth and
devoid of the cloddy mulch. The surface excess water
thus stored can eventually infiltrate into the soil after
the high-intensity rain has abated. Even if, during a
particularly intense downpour, the excess water should
exceed the cloddy layer’s storage capacity, the runoff
which does occur is less likely to disperse particles and
scour or erode the surface. These effects has demon-
strated in the following Table 1.

TABLE 1

Infiltration, runoff, erosion, and subsequent germina-
tion of grass seeds in plots of a silt-loam soil with 6 cm
thick top layers of variously treated clods (5-20 mm
diameter range). The plots were subjected to a simu-
lated rain of 82.3 mm/hour for 8 hours. 1000 seeds/m?2
of Rhodes grass (Chloris guayana) were broadcast on
the surface prior to application of the rain, and the
germinated seedlings were counted 14 days later.

Silicone- Silicone-
Treatment of clods: Untreated sprayed soaked
Time to onset of runoff

(hrs.) 0.29 1.50 1.69

Steady-state infiltra-
bility (mm/hr.) 3.7 17.8 20.2
Total erosion
(gm sediment/m?) 789 32 8
Subsequent germination
(seedlings/m?) 162 8 6

The effect of clod hydrophobization becomes even
more important during the dry spells which generally
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follow rainfall events in semi-arid and arid regions. The
evaporation phase normally begins when the soil top
layer is in a state of near-saturation, no radiation and
wind can extract a considerable fraction of moisture
contributed by the preceding rain. On the other hand,
when a top layer of water-repellent dry clods is present,

“capillary conduction from the underlying moist soil is

inhibited. The dry mulch constitutes a barrier through
which soil moisture can escape by the relatively slow
process of vapor diffusion. Ancient farmers made use
of this phenomenon by gravel-mulching around this
grapevines, a practice which would be prohibitive in
cost today. _

The relation between evaporation and the character-
istics of a cold mulch is shown in FIG. 9. It is seen that
the presence of a top layer of hydrophobic clods consis-
tently reduces evaporation in comparison with the non-
cloddy control, as well as in comparison with untreated
clod layers. The extent of this reduction varies with the
depth of the cloddy layer, and is affected by the size-
range of the clods. As the clods are made layer, the
conductivity of the layer to liquid water falls off more
and more steeply with increasing soil moisture suction
during the drainage and evaporation phases. However,
beyond a certain point any further increase in clod sizes
entails an increase in the vapor diffusivity of the layer,

“especially as the overly-large inter-clod cavities permit

the: entry of convective currents resulting from wing
gusts. :

In addition to runoff and direct evaporation, a major
cause of water loss and poor yeilds is the infestation of
weeds, which compete with crop plants for nutrients,
space, and light, as well as for soil moisture. Hydro-
phobization of top layer clods can inhibit, and in some
cases effectively prevent, germination of weed seeds in -
the soil surface zone, since this layer remains dry-
through repeated cycles of rain and shine. On the other
hand, germination of crop seeds can be ensured by a
method of planting which cuts a furrow through the top
layer and inserts the seeds into underlying moist soil.
Weed seedling counts carried out in small field plots
are shown in Table 1.

Waterproofing surface-zone clods can be regarded as
a treatment aimed at enhancing the natural “self-
mulching” tendency of the soil, a process by which a
drying soil breaks into clods which inhibit evaporation
and promote infiltration of subsequent rains, and which
makes it possible for a natural soil to absorb in a few
hours a quantity of water which it later retains against
evaporation for many days or weeks. The concept of
modifying or tailoring the soil to perform more effi-
ciently as a medium for crop production is well known.
The use of chemical agents in this effort was begun
many years ago. For example, some 20 years ago “soil
conditioners” were introduced which were mainly syn-
thetic polymers designed to glue soil particles together
so as to form waterstable clods. The basic cost of these
materials, the quantities required, and the expense of
application, combined to pevent “soil conditioning”
from becoming a practical method of soil management.

The present invention achieves the effect of water
stability without gluing the clods internally but merely
by making the outer particles water repellent by a small
amount of a surface-active hydrophobic agent. A num-
ber of materials of the organo-silicone type have been
tried, and it has been found that the amount of active
material, while depending on the soil’s specific surface,
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is generally very small, being of the order of 10-50 kg
per hectare. Since only monomolecular adsorption is
required in principle to transform mineral particie sur-
faces from a hydrophilic to a hydrophobic state, the
desired effect can be achieved by a thin spraying over
the peripheries of the clods without total impregnation.
The small amount of material applied and the strength
with which it is adsorbed to the soil grains prevent any
appreciable toxic or environmentally damaging effects
from occurring. Repeated wetting, drying, heating,
cooling, radiation, and the inevitable mechanical dis-
turbance and biological activity which take place in the
field eventually bring about degradation of the treat-
ment effect. Soil clod hydrophobization with hydro-
phobic agents such as silicones have been found to
persist for a full agricultural season.

Experimental tests have demonstrated the critical
importance of clod sizes and mulch thickness. Increas-
ing the depth of the cloddy mulch increases the benefi-
cial effect on infiltration and evaporation, but is subject
to the economic principle of diminishing returns, and
hence, muich thickness greater than 15 cm has not
been found to be practical in ‘general.

FIG. 10 illustrates the water balance components of
soil profile as a function of different thickness of a
mulch formed of silicone treated clods in accordance
with the invention. _

FIG. 11 presents the water content distribution pro-
files at the end of a 4-day simulation period (including
two rainstorms and four evaporation cycles) for several
surface conditions. The silicone treated mulch is seen
to increase the depth of water penetration, the average
water content, and, in particular, the water content of
the surface zone. The latter effect is especially impor-
tant during the crucial stages of germination, seedling
establishment, and the early growth of a crop in dry-
land farming,.

In the characteristics illustrated, the silicone-treated
clods were formed and coated in accordance with the
invention.

The process in accordance with the invention may be
employed to treat an entire area, such as a field, prior
to planting. In this case, furrows or holes may be later
made in the treated mulch for the planting of seeds.
The invention may also be employed to prevent the
crusting of soil over seeds. Thus, seeds may be planted
in slits formed in the soil, allowing some of the soil to
fall into the slits to cover the seeds as in conventional
practice. The top of the soil may then be sprayed with
a hydrophobic agent in accordance with the invention,
whereby the formation of crusts over the seeds is inhib-
ited.

FIGS. 12 and 13 are simplified side and top views of
a cold mulcher which may be employed to practice the
process of the invention. In this arrangement, a housing
50 is provided, the housing 50 being illustrated in dash
lines in FIG. 12 in order to. more clearly show the inter-
nal components thereof. The housing 50 has side walls
51, a front end wall 52, a rear end wall 53, and a top
wall 54. The bottom of the housing 50 is open.

A pair of support wheels 55 is provided and the front
and back ends of the housing, the wheels being
mounted shafts 56 which are rotatably mounted in
bearings 57 in the side walls of the housing. A sprocket
58 is provided on the inner end of each shaft 56, within
the housing 50, and a pair of chains 59 extends around
each pair of longitudinally-arranged sprockets. The
shafts 56 thus define a pair of horizontal axes, and the
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shafts are driven upon the pulling of the cold mulcher,
for example, by a tractor, so that the continuous chains
59 continually move around the axes defined by the
shafts 56.

" A plurality of horizontal spaced-apart parallel bars -
60 extend between the two conveyor chains 59, and
longitudinally-extending wires 61 may be provided,
loosely interconnecting the rods or bars 60, whereby
the structure of rods and wires 60, 61 forms a screen
that is movable between the axes defined by shafts 56
with the conveyor chains 59. The bars 60 and wires 61
are spaced apart a sufficient distance to prevent passing
therethrough of the clods greater than those desired.
For example, the spacing between adjacent rods and
between adjacent wires is preferably greater than 5
millimeters and less than 15 centimeters, although ob-
viously an intermediate spacing is preferred. The rela-
tive spacings of the bars and the wires may be adjusted,
by conventional means (these are not shown) in order
to adapt the clod mulcher in accordance with the in-
vention for different types of soils.

In FIG. 12 it will be particularly noted that the axis of
the rear sprockets 58 is eccentric with respect to the
axis of the corresponding shafts 56. This eccentricity
effects vertical vibration of the screen assembly, as well
as transverse vibration of the screen assembly, during
moving of the clod mulcher. The vibration aids in
breaking up of clods of soil on the moving screen.

A further endless conveyor belt 65 is mounted to the
housing, to extend forwardly and downwardly from the
housing, and an adjustable blade 66 is mounted for-
wardly of the conveyor belt 65, so that it may extend to
the ground in order to direct soil from a layer of the
ground to the conveyor belt 65. The mounting of the
blade, may be effected by any conventional means,
such as by means of the mounting bars 67 extending
forwardly of the housing 50. The endless conveyor belt
65 may be positioned to rotate between the rear roller
69, rotatably mounted in the housing, and a forward
roller 70, which may be rotatably mounted, for exam-
ple, to the arms 67. The endless conveyor 65 may have
ridges or pockets 72, so that this conveyor may more
easily transport soil from the rear end of the blade 66 to
the top of the screen formed by the rods 60 and wires
61, this screen being generally indicated by the nu-
meral 75.

An engine 76 may be mounted on top of the housing
50, and coupled to the conveyor belt 65, for example,
by an endless belt 77, to enable the movement of the
endless conveyor belt 65.

A draw bar 80 may be conventionally mounted to the
forward region of the housing, in order to enable draw-
ing of the clod mulcher, for example, by means of a
tractor.

A plurality of nozzles 81 are provided in the housing,

for directing liquid spray or powder agents within the

housing. These nozzles may be conventional, and are
connected by way of a conduit 86 to a tank 87, the tank
87 preferably being mounted on the tractor, in order to
reduce the weight that must be carried by the clod
mulcher. The tank 87 may be thus provided with a
suitable liquid or powdered hydrophobic agent, the
agent being pumped through the conduit 86 to the
nozzle 81, for dispersal throughout the interior of the
housing. ‘

Conventional pump means and a tank assembly may
be employed for this purpose.
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As illustrated particularly in FIG. 12, the clod
mulcher is positioned so that the blade 66 digs into the
soil and lifts up a top layer 89 of soil, partially breaking
the soil at this point. As the clod mulcher is drawn
forward, this lifted soil is carried to the conveyor. 65,
and thence to the top course -of the screen 75. The
movement of the soil in this manner is continually
breaking up the soil, and as the soil reaches the top
course of the screen 75, it is further broken up by the
continuous movement of the screen between the axes
of the shafts 56, as well as the horizontal and vertical
vibrating movement of the rear sprockets; so that the
soil is broken up into clods in accordance with the
above discussed process, the clods falling through the
_upper course of the screen, and being further screened
in the lower course of the screen 75, and finally falling
to the ground for deposition thereof as a top layer of
soil.

In order to aid in the breaking up of the soil, the
flexible finger assembly 90 is affixed inside of the hous-
ing to the top of the housing, the fingers of this assem-
bly extending downwardly and rearwardly. The fingers
provide a downward force on the soil, to thereby fur-
ther aid in the breaking up of the soil into the desired
clods.

It will be apparent that the nozzles in the housing are
spaced apart to provide a desired uniform spray or
dusting of particles within the housing. The fingers 90
act as rakes to inhibit as much as possible the falling or
clods larger than those desired off the rear end of the
screen and back to the top layer of soil. Thus, FIG. 12
illustrates the treated clods 92 after they have been
redeposited on the field, to form a mulch layer in ac-
cordance with the desired thickness. The thickness of
the layer may of course be controlled, for example, by
adjustment of the blade 66, to thereby adjust the thick-
ness of the layer 89 which is stripped from the top of
the soil.

The present invention is further illustrated by the
following Table of Examples which includes a pre-
ferred embodiment. Unless otherwise indicated, all
parts and percentages are by weight. The region to
which these examples pertain is the northern Negev
region of Israel. The climate is semi-arid. Seasonal
rainfall is 310 mm between late November and late
April. The soil is a silt loam. The soil top layer was
formed into clods by hand hoeing and sprayed by hand
while being thoroughly mixed with 5% solution of so-
dium methy]l siliconate in petroleum distillates. Active
sodium methyl siliconate was applied at the rate of 20
liters per 1000 m? of field surface. The soil surface was
air dried at the time of treatment (water content less
than 2%). The control is untreated soil top layer.
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may be made therein within the invention, and it is
intended in the following claims to cover each such
variation and modification as falls within the true spirit
and scope of the invention.

What is claimed is:

1. A process of conserving soil moisture in arid and
semi-arid regions comprising the steps of:

a. forming the top soil said regions into a layer of
independent clods, said layer having a depth in the
range of 2 to 15 centimeters, at least 90% of the
mass of said layer being clods ranging in size from
5 millimeters in minimum dimension to ten centi-
meters in maximum dimension,;

b. coating the exposed grain surfaces of each clod
with a hydrophobic agent to increase the contact
angle of water on the grain surface to an angle
greater than 90°

2. The process of claim 1 wherein the step of forming
the top soil comprises forming said layer with at least
90% of the mass thereof having clods ranging in size
from a minimum dimension of half a centimeter and a
maximum of 10 centimeters.

3. The process of claim 1 wherein the steps of coating
comprises penetrating said hydrophobic agent into the
periphery of each clod at least 1 millimeter.

- 4. The process of claim 1 wherein said step of coating
comprises spraying a liquid hydrophobic agent on said
clods in a chamber.

5. The process of claim 1 wherein said step of coating
comprises dusting a powdered hydrophobic agent on
said clods.

6. The process of claim 1 wherein said step of form-
ing comprises agitating said top soil on a screen
whereby said clods drop through said screen to form
said layer, and wherein said step of coating comprises
spraying said dropping clods with a liquid hydrophobic
agent.

7. The process of claim 1 wherein said step of coating
comprises coating said clods with a silicone.

8. The process of claim 1 wherein said hydrophobic
agent is an aqueous solution.

9. The process of claim 1 wherein said hydrophobic
agent is an aqueous emulsion.

10. The process of claim 1 wherein said hydrophobic
agent is a solution of a hydrophobic material in an
organic solvent. .

11. The process of claim 1 where said hydrophobic
agent is an emulsion of a hydrophobic material.

12. The process of claim 1, wherein said step of coat-
ing comprises coating said clods with a monomolecular
layer of said hydrophobic agent.

13. The process of claim 1, wherein said step of coat-
ing comprises coating said exposed grain surfaces of

TABLE OF EXAMPLES

. Water
Range of Clod Total Total Total Available Seedling
Depth of Clod Sizes for Rainfall Runoff Evaporation At Season’s End Counts
Example No. Layer (cm) 90% of Soil (cm) (mm) (mm) (mm) (mm) (per m?)
(1) 2 .5-2 310 24 68 218 18
(2) 15 4-10 310 11 52 247 0
(3) 5 1-5 310 I8 28 264 4
(Preferred
Embodiment)
Control 310 62 178 60 88

While the invention has been disclosed and described
with reference to a limited number of embodiments, it
will be apparent that many variations and modifications

said clods without filling the micropores of said clods.
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14. The process of claim 1, further comprising adding 17. A process of conserving soil moisture in arid and
an additional material to said hydrophobic agent  Semi-arid regions comprising the steps of:

whereby the micropores of said clods are filled by said a. lifting a pf)r_tion of soil said regions from the top
layer of soil in a field;

step of coating said exposed grain surfaces of each clod 5  b. forming said lifted soil into clods at least 90% of

with a hydrophobic . o the mass of which is clods ranging in size from 5
15. The process of claim 1, wherein said step of coat- millimeters in minimum dimension to 10 centime-
ing comprises coating said clods with a hydrophobic ters in maximum dimension;
agent selected from the group consisting of sodium c. coating the exposed grain surfaces of each clod by
methyl siliconate, silanolate, dimethyl siliconate, silane 10 monomo!ecular adsorption with a hydrophobic
and dimethvl siloxane agent to increase the contact angle of water on the
16. Th y ¢ l im 1. wherein sai grain surface to an angle greater than 90°% and
_ 16. The process of claim 1, wherein said step of coat- d. depositing said coated clods in said field to a depth
ing comprises coating said clods with a concrete water- of 2 to 15 centimeters.
proofing agent. 15 L B
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